aged 1 to 3 years, use increased from fewer than 50% in 1994 4 to 91% in 2006. 5 Hertz 6 obtained the most widely used estimates of child restraint effectiveness in preventing fatalities in an analysis of 1988 to 1994 National Highway Traffic Safety Administration Fatality Analysis Reporting System (FARS) data. Hertz used a double-pair comparison method 7 to estimate that child restraints in passenger cars and light trucks reduced fatality risk by 54% and 59%, respectively. Her work updated a similar analysis by Partyka. 8 Neither of these studies provided confidence intervals (CIs) or other measures of uncertainty.
Despite being based on crash data that are now 14 to 20 years old, Hertz's estimates are widely cited in research and prevention programs. [9] [10] [11] Since these data were collected, car seat use for toddlers has increased, seating in the rear seat has increased, 12 and forward-facing child safety seats have changed from predominantly t-shield and overhead shield designs 13, 14 to almost exclusively 5-point harness designs. 15 Two studies examined the effects of child safety seats on nonfatal injury risk using accident claim data and interviews of drivers insured by a large US insurance company. 16, 17 Arbogast et al. 16 reported that, compared with seat belts, forward-facing car seats reduced serious injury occurrence among children aged 1 to 3 by 78%. Winston et al. 17 found that, among children aged 2 to 5 years, child restraints reduced the risk of serious injury by 71% and the risk of head injury by 76%, compared with seat belts. 17 A major limitation of these studies is possible bias because of incorrect restraint use information provided by parents.
In a more recent analysis of1975 to 2003 FARS fatality data, Levitt 18 reported that, among children aged 2 to 6 years riding in passenger vehicles, child safety seats were effective but no more effective than seat belts. He calculated fatality risk reductions of 44% to 67% for various restraints. Other studies have estimated child restraint effects on the risk of injury or death using the Crashworthiness Data System. Elliott et al. 19 compared fatalities in FARS with survivors in the Crashworthiness Data System. They found a 21% lower risk of death for children aged 2 to 6 years restrained in safety seats than for children aged 2 to 6 years using seat belts. These findings are comparable to those of Partyka 8 and Hertz 6 regarding the relative effectiveness of these restraints. Elliot et al. did not compare the effectiveness of safety seats or of seat belts with traveling unrestrained. Zaloshnja et al. 20 reported 82% lower odds of any injury for children aged 2 and 3 years restrained in safety seats than for those in seat belts. The literature contains great variability in estimates of child restraint system effectiveness, and little is known about how crash, vehicle, and personal characteristics influence the ability of safety seats to prevent death and about whether effectiveness has changed over time. Our objective in this study was to provide updated estimates of the effectiveness of child safety seat use in reducing death risk among children 3 years or younger and to assess the modification of effectiveness by selected characteristics.
METHODS
We conducted a matched cohort study using data from FARS. Data from vehicles that carried a child aged 3 years or younger and in which 1 or more person died formed matched sets. We analyzed the data with a conditional Poisson regression model and a bootstrap method. We addressed potential problems caused by missing values with multiple imputation. We examined the possible influence of seat belt use misclassification on observed seat belt effectiveness estimates.
Data

FARS is an ongoing census operated by the National Highway Traffic Safety
Objectives. We estimated the effectiveness of child restraints in preventing death during motor vehicle collisions among children 3 years or younger.
Methods. We conducted a matched cohort study using Fatality Analysis Reporting System data from 1996 to 2005. We estimated death risk ratios using conditional Poisson regression, bootstrapping, multiple imputation, and a sensitivity analysis of misclassification bias. We examined possible effect modification by selected factors.
Results. The estimated death risk ratios comparing child safety seats with no restraint were 0. 27 
Variables
We dichotomized the injury severity variable into fatal injury and all other outcomes (no injury, 4 nonfatal injury codes, and unknown). We used indicator variables for the specific age categories specified in each model. In addition, we used a continuous age variable to create quadratic spline terms for all occupants with nodes at 10, 20, and 40 years.
FARS uses 1 restraint use variable to code for seat belt, child restraint, and helmet use. We combined shoulder belt, lap belt, lap and shoulder belt, and seat belt used improperly into a belt use indicator. We combined child safety seat and child safety seat used improperly into an ''as used'' child safety seat indicator for children aged 0 to 3 years, because the determination of proper use may be affected by the investigating officer's knowledge of the injury outcome. 22 A very small number of occupants were coded as using a motorcycle helmet, bicycle helmet, or a helmet used improperly, which resulted in missing information on restraint use. We multiplied imputed restraint use for these occupants and for occupants with unknown codes (restraint used-type unknown and unknown). We created indicators for driver's side, middle, and passenger's side positions in each of the first 2 seating rows. We multiplied imputed values for unknown seating position within a known row. We combined the 2 rollover values, rollover in first harmful event and rollover subsequent to first harmful event, into a rollover indicator. We created an indicator for front or side air bag deployment. We selected calendar year and model year categories to include an approximately equal number of years and vehicles. We did not attempt to capture specific changes in vehicle or restraint characteristics.
Study Design
We chose a matched-set cohort design because collision data from FARS and similar data systems possess a characteristic known as ''natural matching. '' 23,24 This quality is present because when a motor vehicle is involved in a collision, the occupants share the same values for most crash and vehicle factors. Conditional analysis methods can estimate risk ratios (RRs) for factors that vary within each matched set (e.g., occupant gender) as well as interactions between these variables and the matched factors (e.g., gender · vehicle type).
23-25
Conditioning on the matching allows the estimation of RRs despite the absence of information on crashes in which no occupant died and provides control for potential confounding by the matched factors. Conditioning also controls for potential confounders for which no information is recorded by investigating police officers, such as crash energy and ambulance response time. 26 Matched cohort methods have been used in studies of the effects of seat belts, 7, 27 air bags, [28] [29] [30] motorcycle helmets, [31] [32] [33] occupant seating position, [34] [35] [36] and pickup truck cargo area travel. 37 
Statistical Modeling
We used conditional Poisson regression to estimate RRs. 23 Because these models provide incorrect variance estimates, 23, 25 we used a bootstrap method to obtain variance estimates. 38 We implemented all statistical procedures with the Stata software package. 39 We selected models using previous knowledge about the likely causal relations among the factors on which we had data and did not use tests of statistical significance. All models contained terms for restraint use, seating position, air bag deployment, age, and quadratic age spline terms. We included additional product terms to examine possible effect modification. We assessed estimated effect modification with the Wald test of homogeneity. 
Potential Misclassification Bias
We conducted a sensitivity analysis [40] [41] [42] because of the concern that children in seat belts may be more likely than would children in safety seats to be thrown from their seating positions and to suffer fatal injury. Incorrect coding of these children as unbelted may result in the overestimation of seat belt effectiveness. We explored the effects of possible misclassification of seat belt use by examining the bias that would have resulted from a range of hypothesized misclassification rates. We created scenarios and corrected restraint coding by single year of age. Children were randomly selected from the unrestrained or unknown strata and reclassified to the belted strata. We performed the process with 500 Monte Carlo simulations. 43 
Missing Data
A total of 4864 occupants (25%) had 1 or more missing values for 4 occupant-level variables: 12 (0.06%) had a missing value for gender, 187 (1.0%) had missing seating position, 1339 (7.0%) had missing restraint use or type, and 3779 (20.0%) had missing airbag deployment. Multiple imputation 44, 45 was used to allow available information from occupants with incomplete information to be utilized and was implemented by chained equations.
46
Missing data were imputed for the 4 occupant-level variables by using known values for those variables and values for calendar year, urban or rural location, model year, body type, rollover status, fatality, age, and the seating location of other occupants. In addition, the imputation of restraint use utilized the restraint type of other vehicle occupants, and the imputation of airbag deployment utilized initial impact point, principal impact point, vehicle model year, and vehicle type. We retained partial information on seating position (e.g., first row, seat unknown) when available. We identified combinations of values that did not occur in the data, such as left front seating and child restraint use, and used this information to tailor the imputation equations to avoid convergence problems in the imputation model and impossible combinations in the imputed data.
RESULTS
The estimated death RR comparing child safety seat use with no restraint for children 3 years or younger was 0.33 (95% CI=0.29, 0.37). The RR estimate indicates that, assuming no net bias from all sources, children who were restrained in a safety seat were 67% less likely to suffer fatal injury during severe motor vehicle collisions than were children who were traveling unrestrained. The estimated effectiveness of safety seats appears to be greater for very young children. Child safety seats and seat belts appear to be more effective in SUVs and pickups than in cars and minivans (P< .005). We observed this pattern for seat belts and for safety seats among children aged 2 and 3 years and estimated that effectiveness was greatest in SUVs for all children. The observed variation in safety seat RRs across vehicle types is less among children 1 year and younger than among children aged 2 and 3 years.
Rollover status and location (urban vs rural) also appear to be modifiers of child restraint effectiveness. Child safety seat effectiveness was greater during rollovers for children aged 0 and 1 (0.22 vs 0.43; P< .001), whereas seat belt effectiveness was greater during rollovers for children aged 2 and 3 years (0.26 vs 0.46; P =.02). Restraint RRs did not vary meaningfully across levels of land use except in the case of seat belt use among very young children. Seat belts protected children 1 year and younger only in rural environments (RR = 0.35 for rural vs 0.96 for urban; P =.01). Rollover status modified the safety seat effectiveness estimates for SUVs and pickups to a greater extent than it did for cars and minivans (Table 2 ). For example, the rollover and nonrollover RRs were 0.22 and 0.29, respectively, for SUVs and 0.33 and 0.35, respectively, for cars.
Rollover status also modified safety seat effectiveness in urban environments but not in rural environments. Seat belts performed equally well during rollover collisions in both urban and rural environments. The poorest performance of both safety seats and seat belts was in urban nonrollover collisions (RR = 0.39 and 0.58, respectively). Table 3 presents uncorrected RRs and corrected RRs under 8 misclassification scenarios. Under conditions of equal nonfatal and fatal seat belt use misclassification, the corrected estimates differ little from the observed estimates. When the misclassification differed by fatality status, we observed bias. The disparity between the observed and corrected estimates increased with the divergence of misclassification rates. In scenarios in which misclassification was greater for fatally injured children than for nonfatally injured children, the corrected seat belt RRs were higher than the uncorrected RRs. For example, with 25% and 10% misclassification among fatally and nonfatally injured children, respectively, the corrected RR was 0.70, whereas the uncorrected RR was 0.56.
DISCUSSION
In this study, we found that child safety seat use among children aged 3 or younger greatly reduces the risk of death during traffic collisions. Overall, unrestrained children were 3 times more likely to die during collisions than were children using a child safety seat. We also found that effectiveness is greater for younger children: death risk reduction is 74% for children aged 1 year and younger and 59% for children aged 2 and 3 years.
Although child safety seat design has improved and the use of rear seating has increased since the earlier estimates, our findings are generally consistent with the 5 studies we identified that estimated the effect of child restraints on fatality. 6, 8, 18, 19, 47 Of the 3 studies that examined infants and toddlers separately, 2 reported child safety seats to be more effective for infants. For children aged 1 year and younger, we found that child safety seats were roughly twice as effective as seat belts; but for children aged 2 and 3 years, seat belts were as effective as child safety seats at preventing death. The latter finding is consistent with that of Levitt, who reported that seat belts were no more effective than were child safety seats for children aged 2 to 6 years. 18 Our estimates of seat belt effectiveness for 2-and 3-year-old children are higher than those of Partyka 8 and Hertz 6 and inconsistent with the better performance of child safety seats over seat belts reported by Elliott et al. 19 
Sensitivity Analyses
Child restraints may prevent fatalities partly by preventing ejection. 48 Ejection is a major risk factor for fatalities in motor vehicle crashes and is especially common in rollover collisions. 48, 49 The effects of child restraints on death risk during rollover crashes has not been previously reported although at least 1 study found restraints to be more effective in reducing nonfatal injury risk during rollover collisions (among children aged 15 years and younger). 50 We found that safety seats were more effective in preventing death in rollover collisions than in other collisions for children aged 1 year and younger but not for children aged 2 and 3 years. Misclassification bias should be considered when interpreting these seat belt estimates. Belted children may often be coded as unrestrained or with unknown restraint use because of investigating officers' difficulty in determining seating position and restraint use status. Children thrown from their seating position are more likely to die from their injuries and thus the misclassification of restraint use for these children may bias seat belt RRs downward, making belts appear more effective than they are.
Our bias sensitivity analysis demonstrates that the observed RRs for seat belt use are moderately sensitive to misclassification of seat belt use. Under all scenarios in which the misclassification for fatally injured children exceeded that for nonfatally injured children, the seat belt RRs were biased, particularly for children aged 2 and 3 years. The strength of this type of analysis is that it estimates the magnitude as well as direction of possible bias. For example, under the scenario of 10% and 25% misclassification for nonfatalities and fatalities, the 2 observed estimates, 0.54 and 0.46, would have been biased down from their true values of, respectively, 0.67 and 0.58.
Because air bags are found almost entirely in front seating positions, air bag deployment and seating position effects may be confounded. To examine the possible influence of any confounding variables on our restraint estimates, we used 2 seating position coding schemes. We compared the use of standard indicator variables with a coding scheme used by Olson et al. 30 to estimate rear seating position effects.
The use of the second coding scheme altered the seating position coefficients, indicating the presence of confounding by air bags, but affected the restraint use estimates negligibly. It appears that either scheme is adequate for the confounder control purposes of this analysis. We explored the potential confounding of age and seating position by estimating RRs using a subset of data with drivers removed, an approach used by Smith and Cummings. 36 The removal of drivers resulted in a significant loss of data because children who were unmatched in any set (vehicle) after the removal of the drivers were also removed (because they carry no information in the conditional regression model). The restraint RRs were negligibly different after reducing the data set, indicating that the absence of young children in the driver position does not confound restraint RR estimates.
RRs obtained using a complete-case analysis (safety seat RR = 0.31, 0.25, 0.45, and 0.40 for children aged 0, 1, 2, and 3, respectively; see Figure 1 and ''Results'' section) were similar to but less precise than were those obtained using multiple imputation.
Limitations
This study has several limitations. FARS does not differentiate safety and booster seats. Some children, primarily those aged 3 years, may have been restrained in booster seats. The direction of any bias caused by the inclusion of these children is not known, but we would expect the magnitude of bias to be very low given that the effectiveness of booster seats is similar to that of child safety seats. 51 Also, the coding of restraint use may be influenced by occupant injury severity. Finally, the lack of information in FARS on whether an occupant was thrown from her or his seat required us to use fatality status in our sensitivity analysis, which may have influenced the corrected RRs.
Conclusions
The findings from this study indicate that child restraints greatly reduce the risk of death among children 3 years and younger involved in severe traffic collisions. Child safety seats appear to outperform seat belts in preventing fatalities for children aged 1 year and younger but not for children aged 2 and 3 years. Our bias sensitivity analysis demonstrates that the seat belt RRs for children aged 2 and 3 years are moderately sensitive to bias from misclassification and should be viewed with caution. Child safety seats may not be superior to ordinary seat belts in preventing death among children aged 2 and 3 years, but because numerous studies have found that safety seats are more effective than are seat belts in preventing nonfatal injury among young children, clinicians and public health practitioners should continue to encourage parents to use child safety seats in favor of seat belts and should provide information on the proper selection and use of safety seats. j 
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